Summary. The equations of the electromagnetic sector of the Evans field theory are given in terms of differential geometry and are based on the well-known structure relations and Bianchi identities. The equations thus complete Einstein's basic axiom, that physics is derived from geometry, and extend the axiom to electrodynamics. Precise tests are suggested for the theory using the interaction of circularly polarized electromagnetic radiation with a non-relativistic electron beam. These tests include; the inverse Faraday effect (IFE), radiatively induced fermion resonance (RFR), and the electromagnetic Aharonov-Bohm (EMAB) effect.
Introduction
Recently the first successful generally covariant unified field theory has been developed and can be applied to all radiated and matter fields [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . In Sec. 2 of this paper we give the equations of the electromagnetic sector of the theory and show that they are closely based on well known equations of differential geometry: the structure relations and Bianchi identities [21] . In Sec. 3, high precision tests of the theory are proposed in a non-relativistic electron beam interacting with circularly polarised electromagnetic radiation: the inverse Faraday effect (IFE), radiatively induced fermion resonance (RFR), and the electromagnetically induced Aharonov Bohm (EMAB) effect.
Equations Of The Electromagnetic Sector Of Evans' Field Theory
In this section we will give the equations of the electromagnetic sector of the Evans theory [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] in a form which is easily recognisable as standard differential geometry. The latter is transformed into Evans electromagnetic field theory using the ansatz [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] A a µ = A (0) q a µ .
(13.1) Equation (13.1) defines the electromagnetic potential field A a µ as a vectorvalued tetrad one-form within a C negative factor A (0) . The tetrad q a µ is the gravitational potential field, so the ansatz (13.1) illustrates field unification in the simplest way possible. In order to introduce the notation, we first give the older Maxwell-Heaviside (MH) field equations of special relativistic electrodynamics. In this way the advantages of, and the new information contained in, the new theory can be seen the most clearly.
The MH equations are expressed most eloquently in terms of differential forms [21, 22] as follows:
2)
3)
Here A is the scalar-valued potential one-form, d∧ the exterior derivative of differential geometry, F the scalar-valued two-form that encapsulates the gauge-invariant electromagnetic field, F the dual of F [21, 22] , and J the scalarvalued three-form that encapsulates the charge current density of MH field theory. Here µ 0 is the permeability in vacuum, and SI units [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] have been used. Equation (13.3) is a Jacobi identity [22] , the most concise form of the homogeneous field equation MH field theory. The homogeneous field equation summarizes Gauss's law and Faraday's law of induction. These two laws are therefore geometrical identities within a C negative factor that turns the geometry into field equations of physics. This inference gives us a clue as to the geometrical origin of electrodynamics and leads us eventually to the Evans field equations given later in this section. Equation (13.4) is the inhomogeneous field equation of MH field theory but in this theory cannot be clearly recognised as an identity of geometry. The inhomogeneous field equation contains Coulomb's and the Ampère-Maxwell law. The gauge invariance of MH field theory follows from the Poincaré lemma [22] 
The electromagnetic two-form is gauge invariant because 6) and so F is known as the gauge invariant electromagnetic two-form. Therefore, in the concise and elegant notation of differential geometry, gauge invariance is simple to comprehend, it is the consequence of another geometrical identity, the Poincaré lemma. This suggests that the inhomogeneous field equation should also be a geometrical identity, and we will show later in this section that this is indeed the case in the Evans field theory of general relativity, but not in the MH field theory of special relativity. In the latter theory the inhomogeneous field equation is empirical, i.e., based on data and not inferred from geometry, as required by the Einsteinian principles of general relativity [23] .
For clarity of exposition and as an introduction to the Evans field equations of electrodynamics, we give the well-known tensor and vector forms Eqs. (13.2) to (13.4) as follows:
The tensor form of Eq. (13.2) is
and defines the anti-symmetric field tensor F µν in terms of the potential field A µ , a covariant four-vector. Equation (13.7) can also be written in contravariant form:
The Jacobi identity (13.3) in tensor notation is
On defining the dual tensor In defining the dual tensor the totally antisymmetric unit tensor In four dimensions, µνρσ , has been used as usual. This tensor is the same for any non-Euclidean spacetime [21] , but in the MH field theory is used in flat or Minkowski spacetime .
The inhomogeneous field equation in tensor notation is, in standard SI units,
where j ν is the charge current density four-vector. Equation (13.12) is the tensor equivalent of the form equation (13.4) .
The homogeneous field equation (13.11) is equivalent to the following two vector equations:
∇ · B = 0, (13.13) 
respectively Coulomb's law and the Ampère-Maxwell law. Here H is the magnetic field strength, D the electric displacement, ρ the charge density, and J the current density. The great MH field theory, which these well-known equations describe, has held sway in electrodynamics for over a hundred years, but is not a theory of general relativity. The theory is the archetypical theory of special relativity, in which spacetime is Minkowski spacetime, sometimes referred to as flat spacetime. It is well-known that special relativity evolved in 1905 from these same equations.
The Evans field theory infers electrodynamics from the twisting of spacetime and makes electrodynamics a theory of general relativity. Therefore, the Evans theory is the direct logical outcome of the Einsteinian principle that all theories of physics are theories of general relativity, i.e., all of physics is based on geometry. The most eloquent expression of geometry is differential geometry [1, 22] , which is valid for all spacetimes, and is more general [21] than the Riemannian geometry available to Einstein, a geometry in which the torsion tensor is assumed to be zero when constructing the relation between the Christoffel symbol and the symmetric metric tensor. In particular, differential geometry allows for the existence of the torsion tensor [21] as well as the Riemann or curvature tensor, and this fact has been utilized in the development of Evans field theory [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] to show that gravitation is the curving of spacetime, electromagnetism is the twisting of spacetime. The torsion tensor becomes the vector-valued torsion two-form R a bµν in differential geometry. One of the great advantages of differential geometry is that it is valid for all possible spacetimes, so we can drop the indices µν and simplify the notation [21] , thus emphasising the most important principles of the geometry and thence the physics. In other words, we find all the laws of physics from the laws of geometry and take Einstein seriously. The torsion form becomes T a and the Riemann form becomes R a b . The second major advantage is that differential geometry is developed in terms of the vector-valued tetrad one form q a µ which is more fundamental than the metric tensor g µν used by Einstein because
In other words, the metric tensor is defined as the dot product of two tetrads, so the tetrad factorizes the metric tensor of the base manifold (non-Euclidean spacetime). Here η ab is the diagonal metric tensor
of the orthonormal spacetime of the tetrad, a flat or Minkowski spacetime.
We may therefore express all the important equations in the flat, orthonormal, spacetime, remembering that each equation applies for the unwritten subscript µν [21] of the non-Euclidean base manifold. In this way we find the equations of generally covariant unified field theory [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] by following the differential geometry. Similarly, Einstein discovered the equations of gravitation by following Riemannian geometry. The field equations of electromagnetism in the Evans theory are found from the following fundamental and well-known equations of differential geometry. The first Maurer-Cartan structure relation defines the vectorvalued torsion two-form as the covariant exterior derivative (denoted by D∧) of the tetrad 19) where ω a b is the spin connection [21] . Using the ansatz (13.1) and multiplying both sides of Eq. (13.19) by A (0) , we obtain
This is the equation defining the gauge-invariant electromagnetic field F a in terms of the potential in the Evans theory and is the generally covariant form of Eq. (13.2) of the MH field theory of special relativity. By comparison of Eqs. (13.20) and (13.2), it is seen that d∧ has been replaced by D∧, A by A a , and F by F a . The potential and the field have each developed an internal index of the type normally associated with Yang-Mills gauge field theory [22] . We are now able to see, furthermore, that index is the direct result of differential geometry. Thus A a is the potential field of the electromagnetic sector of Evans field theory, and F a is the gauge-invariant field. In tensor notation, A µ becomes A a µ , a covariant four-vector with an internal index, and F µν becomes F a µν , an antisymmetric tensor with an internal index. In Eq. (13.20) , the SI units of F a , A a , and D∧ are tesla = JsC −1 m −2 , tesla m, and m −1 , respectively. If a = (1), (2), (3) of the complex circular basis, then we obtain the field equations of O(3) electrodynamics [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . The latter have been extensively developed theoretically and tested experimentally. In Sec. 3, we summarize three further tests so we have derived O(3) electrodynamics from differential geometry using the ansatz (13.1). In so doing, we have tested the ansatz experimentally, because O(3) electrodynamics has been tested experimentally [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] .
The homogeneous and inhomogeneous field equations of the Evans theory are found from the first and second Bianchi identities of differential geometry [21] :
In terms of the spin connection, Eq. (13.22) becomes
and is a generalization of the well-known Bianchi identity of Riemannian geometry:
In terms of the spin connection, Eq. (13.23) reads
and is a generalization of the following identity in Riemannian geometry:
(13.27) Equation (13.27) is equivalent to the following fundamental symmetries of the Riemann tensor:
28)
The structure of the electromagnetic sector of the Evans theory is therefore summarized as follows:
The homogeneous field equation of the electromagnetic sector of the Evans unified field theory is
When the electromagnetic and gravitational fields decouple:
and, in the MH limit,
When the gravitational field influences the electromagnetic field or vice versa, the unified field is governed by the equation [17] . In vector notation, Eq. (13.31) becomes the following six equations: So, to look for the effects of gravitation on electromagnetism, it is necessary to search experimentally for departures from these laws. In tensor notation, the electromagnetic field in the Evans unified field theory is 
where the charge current density is defined by
In differential-form notation, Eq. (13.42) reads
and so the electromagnetic sector of the Evans unified field theory is described by
The unified field theory evolves from the original MH field theory by building symmetry as follows:
The symmetry of the unified field equation is that of the Einstein group with sixteen irreducible representations. This is a higher symmetry than that of O(3) electrodynamics, the intermediate theory in which the electromagnetic and gravitational fields are still decoupled, and O(3) electrodynamics has in turn a higher symmetry than U(1) electrodynamics, the MH symmetry. The experimental evidence for O(3) electrodynamics is summarized in Ref. [17] . In tensor notation, Eq. (13.23) reads
and is a balance of identities of differential geometry [21] . On the right-hand side is the Bianchi identity used in gravitational general relativity [27] , and the left-hand side is the covariant exterior derivative of the torsion form. In tensor notation, the homogeneous field equation of the unified field theory is obtained directly from Eqs. (13.47) and (13.1) and reads The electromagnetic field is therefore the spinning of spacetime described by the torsion tensor and the gravitational field is the curving of spacetime described by the curvature tensor. Differential geometry is needed to build the symmetry of the unified field theory and in differential geometry spinning is described by the torsion form and curvature by the curvature form. The homogeneous field equation of the unified field is an identity, Eq. (13.48), of differential geometry, which is valid for a spacetime in which there is both spin and curvature. Such an identity is not available in Riemann geometry when the Christoffel connection is symmetric in its lower two indices. This is the type of spacetime used in the Einstein theory of gravitation, and in this spacetime Eq. (13.50) always holds. So such a spacetime cannot be used to unify gravitation and electromagnetism. The Maxwell-Heaviside field theory is philosophically different from the Einstein field theory in that the electromagnetic field is superimposed on a flat (Minkowski) spacetime in which the spin connection vanishes. In the Evans unified field theory this fundamental philosophical difference (which prevents field unification in the standard model and string theory) is bridged by recognizing that the electromagnetic field is the torsion form of differential geometry, so electromagnetism is the spinning of spacetime itself. This spinning is in general influenced by the curving of spacetime through Eqs. (13.47) or (13.48). We therefore obtain field unification by symmetry building. The intermediate stage in this process, O(3) electrodynamics, has been tested extensively against experimental data [17] .
Experimental Tests Of The Evans Theory
It has been established and well accepted [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] that the Evans field theory infers the inverse Faraday effect through the Evans spin field
which is dual to torsion two-form of spacetime. The inverse Faraday effect therefore originates in the torsion or twisting motion of spacetime. In order to test this hypothesis accurately it is suggested that a high precision inverse Faraday effect calibrating experiment first be carried out as follows in a nonrelativistic electron beam. The inverse Faraday effect is the orbital angular momentum imparted to the electron beam by the Evans spin field. For a non-relativistic electron beam, the energy exchanged during the process is [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] 
Here m is the mass of the electron, m = 9.10953 × 10 −31 kg, (13.54) and p = eA (0) its linear momentum. Therefore, the energy imparted to the electron beam by the circularly polarized electromagnetic beam is the Newtonian kinetic energy p 2 /2m. The energy in Eq. (13.53) may be written as [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] 
where I is the beam power density (W m −2 ) and ω is the beam angular frequency (rads −1 ). The energy exchanged is characteristically dependent on the power density and the inverse square of the angular frequency.
The orbital angular momentum J imparted to the electron beam can be calculated from the fundamental relation between energy and angular momentum, 
sample ∼ 10 −9 T = 10 −5 G, (13.59) an order of magnitude observed experimentally in liquids, solids and gases, for example. The inverse Faraday effect has been observed many times [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] in a variety of materials, and solidly indicates the existence of the Evans spin field B (3) . However a high precision, baseline experiment in a non-relativistic electron beam has yet to be carried out.
Having carried out this baseline experiment, it is then necessary to develop radiatively induced fermion resonance (RFR), which originates in the spin angular momentum imparted to the electron beam by the Evans spin field [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] :
Here σ Z is the third Pauli matrix and σ 0 the zero-order Pauli matrix. It is seen from Eq. (13.60) that RFR originates in the Newtonian kinetic energy multiplied by σ Z . Electron spin resonance between the states of σ Z gives rise to RFR as follows: It displays the characteristic I/ω 2 dependence of the IFE (Eq. (13.55) ). This property of RFR means that it can produce fermion resonance at high resolution without magnets, for example electron spin resonance, nuclear magnetic resonance and magnetic resonance imaging without permanent magnets [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . The magnet is replaced by a circularly polarized radio frequency beam.
Thirdly, it is necessary to carry out an accurate test of EMAB by replacing the magnetized iron whisker of the original Chambers experiment by a circularly polarized radio frequency beam. The EMAB is caused by the B (3) of the radio frequency field and detected as a shift in the fringe pattern of two interfering electron beams:
in a Young interferometer. Here L is the distance between the plates of the interferometer, d, the distance between the openings in the first plate, and λ the electron wavelength. In the original Chambers experiment used to detect the Aharonov-Bohm effect: 64) where B is the magnetic flux density produced by the iron whisker and Ar the area enclosed by the electron beams. This shift was first observed by Chambers in 1959 following the original theory by Aharanov and Bohm. This has recently been understood in terms of the Evans phase law [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] :
which follows from the fact that any magnetic field must be defined by
where g = e/ . In the complex circular basis, Eq. (13.66) becomes
The conventional magnetic field is described by Eq. (13.66), when B is the magnetic flux density of the iron whisker [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . So the Evans field theory gives a consistent description both of the conventional and electromagnetic Aharonov-Bohm effects in terms of the covariant derivative (13.66).
In vector notation, and unobservable. An EMAB effect might however be observable with a Nd YaG laser if the latter is pulsed to very high power densities. The observation of the IFE in this way would be important for fundamental physics, the observation of the RFR would open up a new industry, and the observation of the EMAB effect would lead to several new radar technologies.
